Increased fetal Hb (HbF) synthesis has been shown to occur during fetal hypoxemia and severe anemia. To determine whether increased HbF synthesis occurs during anemia of prematurity, the levels of HbF synthesis were correlated with the degree of anemia and plasma erythropoietin levels. Thirteen newborn infants born at 29.2 + 1.7 wk of gestation were studied at a postconceptional age 36.0 ? 1.1 wk. Hb levels ranged from 65 to 78 g/L. Blood samples were incubated in an amino acid mixture containing [%]leucine and chromatographed allowing the separation and quantitation of the a, f3, and y ("yT, C'y, and "y') chains. Erythropoietin was determined by RIA. The mean HbF synthesis was 77.9 + 8.9% of total Hb synthesis (range: 61 to 91%). Plasma erythropoietin concentrations were 21.4 2 6.4 mU/mL. There was no correlation between the total Hb or HbF synthesis and the level of erythropoi-
Increased fetal Hb (HbF) synthesis has been shown to occur during fetal hypoxemia and severe anemia. To determine whether increased HbF synthesis occurs during anemia of prematurity, the levels of HbF synthesis were correlated with the degree of anemia and plasma erythropoietin levels. Thirteen newborn infants born at 29.2 + 1.7 wk of gestation were studied at a postconceptional age 36.0 ? 1.1 wk. Hb levels ranged from 65 to 78 g/L. Blood samples were incubated in an amino acid mixture containing [%]leucine and chromatographed allowing the separation and quantitation of the a, f3, and y ("yT, C'y, and "y') chains. Erythropoietin was determined by RIA. The mean HbF synthesis was 77.9 + 8.9% of total Hb synthesis (range: 61 to 91%). Plasma erythropoietin concentrations were 21.4 2 6.4 mU/mL. There was no correlation between the total Hb or HbF synthesis and the level of erythropoiIn humans during the perinatal period, H b F is progressively replaced by HbA. Studies of actively synthesized H b demonstrate a gradual switchover from H b F to HbA. This process follows a sigmoid curve, with the steep portion starting around 32 w k of gestation (1, 2) . The switchover is dependent on postconceptional age (3) . However, it is of interest to note that during fetal development increased H b F production has been documented in humans with intrauterine growth retardation (4), especially a s a result of placental insufficiency ( 5 ) , and in the fetal lamb under experimental conditions of hypoxemia (6) . In older patients, chronic lung disease (7) and anemia (8, 9) have also caused an increased production of HbF. These findings suggest that the increase in the production of H b F could be the result of an erythropoietic response to hypoxemia.
etin. There was, however, a significant inverse correlation between the Hb level and HbF synthesis @ < 0.01). Nine infants who had received transfusions during the first few days of life had a mean HbF that was 53 Preterm newborn infants during their first few months of life normally undergo a decline in their H b concentration that can reach in some cases a nadir of less than 80 g/L. This phenomenon is called anemia of prematurity (10) . This anemia in the preterm infant occurs during a period of development that corresponds with the time of rapid switchover from H b F to H b A synthesis. Therefore, it w a s considered important to determine whether during this stage of ontogeny anemia could reactivate H b F synthesis. A study w a s thus planned to measure H b F and H b A synthesis a s well a s E p o levels in early preterm newborn infants during their anemia of prematurity and to correlate the findings with the degree of anemia.
METHODS
Thirteen infants born at o r before 32 w k of gestation Received November 8, 1993; accepted March 10, 1994. without congenital anomalies were selected for this cardiopulmonary disease. The blood used for this study
RESULTS
was obtained from the sample withdrawn for cross matching after a decision was made by the attending neonatologist to give the infant a transfusion (the indication for transfusion during anemia of prematurity for asymptomatic infants at the time of the study was an Hb concentration < 80 glL). Nine of these infants had received 8-16 mL of blood as volume replacement during their first few days of life to replace blood withdrawn for laboratory analysis as part of their intensive care monitoring. The interval between the last transfusion for volume replacement and this study was at least 26 d (range: 26-54 d).
The red cells obtained from the anemic infant were incubated for 6 h in an amino acid mixture containing [3~]leucine as previously described (3). The cells were then washed and lysed, and the hemolysate was subjected to globin-chain separation and quantitation by a reverse-phase high-pressure liquid chromatograph equipped with an integrator according to the method described by Shelton et al. The data were expressed as a mean and SD. The relationship between variables were sought using linear as well as stepwise regression analysis (13) . A p < 0.05 was considered statistically significant. Informed consent was obtained from all subjects, and this investigation was approved and authorized by the institutional human research committee.
Thirteen infants were included in the study. Their mean gestational age was 29.2 2 1.7 wk, and their mean birth weight was 1262.3 & 391 g. At the time they were included in the study, they had a mean postconceptional age of 36.0 2 1.1 wk, a mean postnatal age of 6.9 2 1.6 wk, and a mean weight at the time of the study of 1880.4 2 453.6 g. Their mean Hb concentration was 71 2 4 g/L.
(range: 65-78 g/L).
An example of an HPLC separation of the globin chains of a preterm infant born at 26 wk of gestation who did receive some blood as replacement volume within the first week of life during intensive care, sampled at a postconceptional age of 34.5 wk, is illustrated in Figure 1 . The total HbF was 65.8%, and HbF synthesis was 84%. The total Gy and Gy synthesis were 70 and 69%, respectively.
The mean HbF synthesis of all infants studied was 77.9 2 8.9% (range: 61-91%). The ' y to total y ratio was 70.4 2 4.5%, and the Gy to total y synthesis ratio was 69.2 + 2.7%. This ratio was not affected by anemia or the level of HbF synthesis. Among the 13 infants studied, nine Figure 2 demonstrates the relationship between HbF synthesis and postconceptional age (top) and Hb concentration (bottom), respectively. There was a significant inverse correlation of HbF synthesis with both these independent variables. Because the switchover from HbF to HbA synthesis is primarily developmentally regulated, a stepwise regression was also carried out to take into account the effect of anemia and postconceptional age on the level of HbF synthesis ( Table 1) . These stepwise analyses showed a significant correlation between HbF synthesis and Hb concentration during anemia even when the relationship between HbF synthesis and postconceptional age was taken into account.
DISCUSSION
The reversed-phase HPLC procedure used in this study has been shown to be precise and very well suited for the quantitative determination of relative amounts of globin chains that make up the Hb of newborns (14). The mean ratio of Gy to total y synthesis was similar to that documented by others in the fetus (15, 16) .
Although there was an increased amount of total HbA in the circulation of the infants that received some adult red blood cell replacement during their first week of life compared with those who did not have a transfusion, the proportion of HbF synthesis to total Hb synthesis did not differ between the groups. Current evidence strongly shows that the control of Hb switching during ontogeny is under a developmental control that is inherent to the hematopoietic stem cells ( 1 7 ) . However, the mechanisms of this developmental regulation is unknown. As a matter of fact, interdevelopmental stage hematopoietic cell transfer experiments in animals (18) as well as transfusions in utero ( 1 ) or after birth (3) in humans have had no effect on the timing of this Hb switchover. Consequently, all the infants included in the study could be considered part of the same group for the purpose of this investigation.
The production of Epo during anemia of prematurity was in the upper level of the range found in fetuses at a similar postconceptional age (19) but was lower than that in older anemic children with similar levels of Hb (20). Within the context of the relatively narrow Hb levels in this study, there was no relationship between Epo levels and HbF production. These findings are consistent with the well-known absence of Epo response to anemia of prematurity (21).
Erythropoiesis is under the control of a series of hematopoietic growth factors, some of which (IL-3, granulocyte-macrophage colony stimulating factor) have been shown in nonhuman primates to increase HbF production by their interaction with the erythroid progenitors as well Thus, under normal conditions, the Hb synthesis reflects the proportion of y to p switch corresponding to the postconceptional age of human development. Conditions that promote the early commitment to Hb synthesis of the less mature precursor cell will result in increased HbF synthesis. If during severe anemia of prematurity these conditions, such as an increase in hematopoietic growth factors, exist, they would result in progeny that partially express an earlier fetal program of Hb type expression. Indeed, our findings suggest a possible alteration in the normal expression of Hb during severe anemia of prematurity. The finding of increased synthesis of HbF in this study can possibly be explained by the concept of stress erythropoiesis in which the effect of an increased red cell demand alters the normal pattern of erythrocyte precursor proliferation and maturation. The result would be that red cells containing increased amounts of HbF appear in the circulation. We speculate that this mechanism could be triggered by a reduction of oxygen supply.
